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Since the first detection of solar radio noise in 1942,
radio observations of the sun have contributed significantly
to our evolving understanding of solar structure and pro-
cesses. The now classic texts of Zheleznyakov [1964] and
Kundu [1965] summarized the first two decades of solar
radio observations. Recent monographs have been presented
by Kruger [1979] and Kundu and Gergely [1980].

In Chapter 1 the basic phenomenological aspects of the
sun, its active regions, and solar flares are presented. This
chapter will focus on the three components of solar radio
emission: the basic (or minimum) component, the slowly
varying component from active regions, and the transient
component from flare bursts.

Different regions of the sun are observed at different
wavelengths. At millimeter wavelengths, the radiation is
from the photosphere. Centimeter wavelength radiation
originates in the chromosphere and low corona. Decimeter
and meter wavelengths have their origin at increasing heights
in the corona; at meter wavelengths the observed radiation
comes from heights ranging from 100 000 to 700 000 km
above the photosphere. For receiving equipment on the earth,
the low-frequency limit for observation is the frequency at
which radio waves are reflected by the ionosphere (for prac-
tical purposes, around 20 MHz). The high-frequency limit
is set by absorption of radiation by atmospheric oxygen and
water vapor. Recently, radio experiments on satellites have
observed hectometric wavelength (<2 MHz) emission that
originate at heights =10 solar radii (Re). This leaves only
the frequency range form 2 to 20 MHz, corresponding to
emission heights of 2-10 R, unexplored by radio methods.

11.1 BASIC DEFINITIONS

If the sun radiated only,as a thermal source, the emitted
energy density would vary with frequency and temperature
according to Planck’s radiation law. In the radio region, the
Rayleigh-Jeans approximation for blackbody radiation is
valid; the brightness, radiance per unit bandwidth, is

By = 2kTfc 2 = 2kTA "2 (1.1

If the frequency f is in cycles per second, the wavelength
A in meters, the temperature T in degrees Kelvin, the ve-
locity of light ¢ in meters per second, and Boltzmann’s
constant k in joules per degree Kelvin, then By is in W
m2Hz 'sr™'. Values of temperatures T, calculated from
Equation (11.1) are referred to as equivalent blackbody tem-
perature or as brightness temperature defined as the tem-
perature of a blackbody that would produce the observed
radiance at the specified frequency.

The radiant power received per unit area in a given
frequency band is called the power flux density (irradiance
per bandwidth) and is strictly defined as the integral of Bd{},
between the limits f and f + Af, where (), is the solid angle
subtended by the source. In solar radio astronomy the re-
lationship used is

F, = B{), = 2kT,QN\ 7, (11.2)

where the apparent or disk temperature Ty is that temperature
which a uniform source of the same angular size as the solar
optical disk must have in order to produce the power flux
density F, received from the sun. Values of power flux
density are usually given in solar flux units (1 solar flux
unit, sfu = 10722 W m~2 Hz™).

The power P, received at the antenna due to solar ra-
diation is given by:

P, = FA,, (11.3)

where A, is the effective area of the antenna. P, is also
conveniently expressed in terms of the effective antenna
temperature T, corrected for any RF losses. T, is defined
by

P, = kTAAf. (11.4)

T, is readily measured with suitably calibrated instruments.
The equation for calculating the solar power flux density
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from a given antenna temperature measured at a given in-
stallation is

L
F, = 2kTAK’ (11.5)

¢

where A, is the effective area of the antenna in square
meters, and L is a dimensionless correction factor related
to the antenna response shape and to the diameter and tem-
perature distribution across the source. The value of L is
unity only if the antenna half-power beamwidth is large
compared to the source. L exceeds unity when the ratio of
the antenna half-power beamwidth to the solar angular di-
ameter drops below about five, thus, it is desirable to use
a parabola small enough so the half-power beamwidth is
more than five times the solar angular diameter. Once the
solar flux density is known, the apparent temperature and
the brightness of the solar disk may be calculated from
Equation (11.2).

11.2 THE MINIMUM (ZERO-SUNSPOT)
COMPONENT

The standard method for obtaining the basic radio flux
density of the unspotted sun is to make a scatter plot of
solar temperature at a given frequency against the projected
sunspot area; the extrapolation of the curve that best fits
these data to zero sunspot area determines the minimum or
basic flux density at that frequency. By doing this for all
frequencies, one determines the spectrum of the basic com-
ponent of solar radiation. Figure 11-1 shows the distribu-
tions of power flux density for the sun and for black bodies
at various temperatures. It is only at millimeter and shorter
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Figure 11-1. Solar spectrum and spectra of blackbody radiation at various

temperatures. The solar power-flux density (power per unit
area per unit bandwidth) is plotted against wavelength.
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wavelengths that solar radio emission approximates a 6000
K blackbody. At wavelengths longer than 1 cm, the equiv-
alent blackbody temperature ranges between 10* to 10° K
for the spotless sun and from 10* to 10'° K for the disturbed
sun depending on the condition of the sun and the time in
relation to the |l-year sunspot cycle. Meter wavelengths
are characterized by much burst activity; thus, the basic (or
minimum) sun temperatures at these wavelengths are de-
termined by making observations over a period of weeks or
months. The low temperature to which the sun periodically
returns, but never goes below, during this period is taken
to be the zero-sunspot value; it is of the order of 10° K.

11.3 THE SLOWLY VARYING
COMPONENT

The slowly varying component (SVC) exhibits a well
defined 11-year cycle variation and a 27-day solar-rotation
variation, since this emission originates principally in co-
ronal condensations overlying active regions, and is well-
correlated with sunspot number. The routine daily mea-
surement of the combination of the basic (or minimum)
component and the SVC of solar radio emission is referred
to as the quiet-sun flux density. The SVC of the sun as a
whole is obtained by subtracting the basic component from
the quiet-sun flux density. The SVC of individual active
regions can be obtained by either eclipse observations or
interferometric measurements.

11.4 THE BURST COMPONENT

During solar flares (Chapter 1) there may be large in-
creases (bursts) in radio emission lasting anywhere from a
few seconds to several hours. These bursts originate by
bremsstrahlung, gyrosynchrotron, and plasma radiations.
Characteristics of the bursts vary with wavelength. Bursts
in the meter-wave range (12 m to about 50 cm) are classified
by spectral type. No spectral classification exists for the
decimeter or centimeter wave regions.

11.4.1 Meter-Wave Range (25 - 500 MHz).

Most information on solar bursts in the range from 12
m to about 50 cm is obtained from swept-frequency obser-
vations. Dynamic spectra are displayed on a cathode-ray
tube and recorded photographically as a series of intensity-
modulated traces that give intensity as a brightening in the
frequency-time plane. Figure 11-2 is an illustration of ideal-
ized dynamic spectra of various types of bursts. These spec-
tral types are discussed below in the order of their occurrence
in the flare event.

Type HI bursts are the most common type of solar radio
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Figure 11-2. Idealized illustration of the record of a complete solar radio

outburst as recorded by a dynamic spectrograph at meter
wavelengths.

activity. They can occur either singly (duration ~5 s) or in
groups. Only about one-third of Type III bursts are asso-
ciated with flares. When associated with flares, however,
the timing agreement with flare impulsive hard x-ray and
microwave emission is often quite good (within seconds).
Type 11 bursts are caused by streams of ~100 keV electrons
propagating outward through the solar atmosphere and ex-
citing plasma waves. Because of their relatively high drift
rates (20 MHz/s) to lower frequencies, they are referred to
as fast drift bursts.

Type V bursts consist of a broad band continuum of
short duration (~1 min) that is preceded by a Type 11 burst
and accompanied by centimeter-wave and hard x-ray bursts.
The Type V burst may indicate the presence of a particularly
rich stream of electrons, part of which is trapped in the
corona and becomes visible either through gyrosynchrotron
radiation or plasma waves.

The Type Il burst, or slow-drift (~0.2 MHz/s) burst is
presumed due to the presence of a shock wave propagating
outward through the solar corona with a characteristic ve-
locity of 1000 km/s. The disturbance excites plasma waves
at the local plasma frequency. In the spectrograph record,
these bursts appear as a narrow band of intense radiation
that drifts gradually and often irregularly from high to low
frequency. About 60% of all Type II bursts show emission
at the second harmonic. Type 11 bursts are closely associated
with solar flares.

Type IV emission has at least three distinct components;
these components can not be separated on the spectrograph
record and can only be distinguished by interferometers.
Flare continuum is the broad band emission occurring at
meter and decameter wavelengths during the flare impulsive
phase. Moving Type IV bursts involve a variety of forms,
although three basic types have been recognized. These are
the magnetic arch, the advancing front, and the isolated
source (ejected plasma “blob”). Both the flare continuum
and moving Type IV emissions have durations < 10-60 min.
While the moving Type 1V burst travels outward through
the corona and can reach. heights of ~10° km above the
photosphere, the final stage of Type IV emission, the storm
continuum, originates low in the corona near the corre-
sponding plasma level and directly above the site of the
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optical flare. The storm continuum can last for s:veral hours
and often degenerates into the Type I noise storms whose
durations range from hours to days. In contrast to the flare
continuum and moving Type IV emissions that are only
weakly polarized, storm continuum is strongly polarized in
the ordinary mode. This suggests plasma radiition as the
source of the storm continuum, while gyrosynchrotron ra-
diation from energetic electrons spiraling in wzak coronal
magnetic fields are generally cited as the source of the flare
continuum and moving Type IV emissions.

Type [ events are distinguished from the relatively smooth
broad-band Type IV emission by the presence of a great
number of short (~1 s) intense bursts superimposed on the
background continuum. These short intense busts are dis-
tributed more or less randomly over the frequency range of
the underlying continuum. Both the background continuum
and the superimposed bursts are strongly circularly polar-
ized, usually in the ordinary mode. Type [ radiation appears
to be more closely associated with certain active regions
than with flares, although they can be flare-initiated. At
present, the mechanism and origin of Type I e nission are
not well understood.

11.4.2 Decimeter-Wave Range
(500 ~ 2000 MHz).

At decimeter wavelengths the emission is higaly variable
and complex. Rapid time structures (several peaks per min-
ute) are often observed in the time profiles of decimetric
radio bursts observed at discrete frequencies, and the re-
lationship of these fast structures to the source of the smoother
emission observed at centimeter wavelengths is not clear.
Individual peaks in complex events are often strongly cir-
cularly polarized in the ordinary mode.

11.4.3 Centimeter-Wave Range
(2000 — 35000 MHz).

Solar emission in the 15-1 cm range does not show as
rapid fluctuations as emission in the meter and decimeter
ranges. There appear to be at least two basic morphological
types of centimeter-wave bursts. The first of these is the
simple impulsive event that reaches a maximum peak-flux
density ranging from 10' to >10* sfu in a few minutes.
Impulsive bursts are interpreted in terms of gyrosynchrotron
emission. Complex bursts may consist of several impulsive
events in sequence, although the appearance of « relatively
smooth broad band microwave Type IV component in the
later stages of many complex events may indicate an ad-
ditional or prolonged acceleration process. The second of
these, the gradual rise and fall microwave burst, may occur
by itself or may follow an impulsive event (monotonic decay
only), in which case it is referred to as a post-burst event.
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Figure 11-3. The time-intensity profile of an impulsive microwave burst.

Peak flux densities of these gradual events seldom exceed
50 sfu; these events are generally explained in terms of
bremsstrahlung from a Maxwellian distribution of electrons.
Examples of the time profiles of microwave bursts observed
at Sagamore Hill Solar Radio Observatory are contained in
the burst atlas compiled by Barron et al. [1980]. A typical
impulsive event is presented in Figure 11-3.

Instantaneous spectra of events in the centimeter fre-
quency range are relatively smooth and tend not to have
narrow-band emission features. For moderate sized events
(=100 sfu), the peak-flux-density spectral maximum of the
emission generally occurs at frequencies =9 GHz. For the
largest events with centimeter wave peak flux densities = 1000
sfu, the emission usually extends to the meter-wave range
where it often exhibits a second spectral maximum with a
minimum occurring at the intermediate wavelengths. This
U-shaped spectral signature (Figure 11-4) is thought to re-
flect the fact that there are two different sources of burst
radiation (one at centimeter waves and one at lower fre-
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quencies) with different electron energy distributions and
different magnetic fields [Kundu and Vlahos, 1982].

11.5 CORRECTIONS TO QUIET-SUN AND
BURST-FLUX DENSITIES

In the final two sections of this chapter, charts and tables
of burst and quiet-sun flux densities from Sagamore Hill
Solar Radio Observatory are presented. It is appropriate to
discuss errors of absolute calibrations in these measure-
ments. In 1973, areport [Tanaka et al., 1973] by an absolute
calibration working group formed by Commission V of URSI
was published. It contained corrections for Sagamore Hill
for the years 1966-1971. For the years 1972-1976, cor-
rection factors were taken from the IAU’s Quarterly Bulletin
of Solar Activity. For 1977-1979, correction factors were
derived by extrapolation from previous years and compar-
ison of the Sagamore Hill quiet-sun flux densities with those
of other solar-patrol observatories. For 245 MHz, a sub-
stantial correction factor (1.55) was applied to all the data
as a result of an absolute calibrations measurement (using
the radio source Cassiopeia A) carried out at Sagamore Hill
in 1980. The multiplicative flux-density correction factors
for the five frequencies for which data are presented are
listed in Table 11-1. Before processing the data presented
below, these correction factors were applied to the Sagamore
Hill burst and quiet-sun data.

11.6 QUIET-SUN FLUX-DENSITY
MEASUREMENTS

Solar microwave emission correlates well with solar EUV
flux [Forbes and Straka, 19731, a fact which makes it useful
as an input to ionospheric models in lieu of the more difficult
to obtain sunspot number and EUV flux. For this reason,
the 1965 edition of the Handbook of Geophysics included
a table of the daily quiet-sun (non-bursting) flux densities
observed at 2800 MHz (10.7 cm wavelength) by the Na-
tional Research Council in Ottawa, Canada from 1947 to
mid-1963. We continue the table in this handbook using
Ottawa data through 1965 and Sagamore Hill data thereafter.
In addition, the 8800 MHz quiet-sun flux-density values
from Sagamore Hill are included.

In Table 11-2 we present the observed daily solar flux
density value measured at 2800 MHz at Ottawa for the years
1963-1965 and the 2695 and 8800 MHz flux density values
measured at the Sagamore Hill Radio Observatory from
January 1966 through December 1979. It should be noted
that these are observed values and not values adjusted to 1
AU. The values are taken at local noon at the Sagamore
Hill meridian. This is done so that the radiation will have
passed through the shortest path in the earth’s atmosphere
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Figure 11-4. The peak flux-density spectrum of a large microwave burst. The U-shape is characteristic for large microwave bursts with peak flux density

> 1000 sfu.

and be subject to the minimum atmospheric attenuation. In
some instances this meridian-transit observation is not pos-
sible because a solar radio burst is in progress at that time.
When this happens, the observation is taken as soon as it
has been determined that the radio burst has ended. In vir-
tually all cases this was within an hour of the time of me-
ridian transit so that the added attenuation due to the in-
creased atmospheric path length was negligible.

Table 11-1. Calibration correction factors, Sagamore Hill, 1966-1979.

Note the asterisk (*) between the 2695 MHz flux-density
value and the 8800 MHz flux-density value on some days.
This indicates that there were adverse weather conditions,
usually rain or snow, preserit when the observations were
being made. These conditions will cause the signals received
to be further attenuated. The asterisk indicates that some
adjustment has been made to the observed value to com-
pensate for this problem.

Year 245 MHz 610 MHz
1966 —_ 0.91
1967 — 0.91
1968 — 0.91
1969 1.55 0.91
1970 1.55 0.91
1971 1.55 0.91
1972 1.55 0.91
1973 1.55 0.91
1974 1.55 0.91
1975 1.55 0.91
1976 1.55 0.92
1977 1.55 1.00
1978 1.55 1.00
1979 1.55 1.00

1415 MHz 2695 MHz 8800 MHz
1.16 0.90 0.91
1.16 0.90 0.91
1.16 0.90 0.95
1.16 0.94 1.00
1.16 0.94 1.00(2)
1.16 0.94 1.00(2)
1.08 0.93 0.95
1.03 0.91 0.90
1.05 0.90 0.90
1.05 0.90 0.87
1.08 0.90 0.85
1.06 0.88 0.88
1.06 0.85 0.87
1.06 0.85 0.84

Notes: (1) For the period 9 June to 31 August 1967, all 2695 MHz burst and daily flux-density values should be multiplied by 1.13.
(2) For the period | November 1970 to 31 August 1971, all 8800 MHz burst and daily flux-density values should be multiplied by 1.14.
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Table 11-2b. Daily values of observed solar power flux densities at 2695 and 8800 MHz. Recorded at the AFCRL/AFGL Sagamore Hill Radio Observatory
(SGMR); Hamilton, Massachusetts.
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R7 e 23z 7% 260 74 2%2 B6 254 89 257 82 248 107 268 119 287 102 82 1(;1{3- @ 0 2%
Z€ e 229 74 263 ?8 262 85% 2%4 B7* 8z 249 119 286 86 B4 261 100 2% 1os 208
29 Te 241 a8 272 84 256 88+ 245 84 248 112 274 108 280 £ 89 267 52 252 tos 236
2 88 277 ?9 250 &5 252 85 249 108 268 107 280 8e 92 267 92 2% 116 262
21 95 291 92 253 106 268 102 278 90 298 , ¢ e
"W 6z 254 5 262 ?8 260 85 259 g4 255 g% 249 92 2%9 94 261 100 260 96 263 104 26 11
1967
120k 272 148 295 184 3244 134 288 112 269 143 280 104 2%% 147 2688 133 294 114 283 118 283 128 &9
; 139 288  140% 232 188 3247 117 280 114 269 128 282 103 253 135 281 130 291 108 273 120 287 120 296
3 154 292 132 290 182 33B 112 272 109 280 119 278 103 257 132 277 122 281 107 274 118 289  }06e 279
4 157+ 299 124 287 189 342 111 268 106 262 124 275 107 231 126 284 118 278 104 270 113 285 109 283
s 164 301 136 296 174 324 105 267 106 260 111 263 104 248 127 285 108 278 103 273 107 279 106 277
3 157 291 150 298 163+ 213 1089x 265 107 260 101 258 100 248 127+ 280 107 268 107¢ 2?3 104 273 111 280
? 152 292 163% 3 150% 297  11%% 268 105 260 93 2%1 97 246 113 274 105 266 104 271 99 274 113 81
e 124% 287 146 283 141 288 117 274  100% 248 87% 248 89 240 119 270 107 27% 101 270 98 271 116 278
. 136 289 140 288 140 282 116 264 96w 253 88 242 93 244 112 268 106 273 99 273 9%+ 273 116 283
10 142 283 127+ 283 128 277 109 26% 91w 244 79% 227 92 243 112 262 104s 277 104w 2088 101l 280 115 280
11 122 280 12%% 283 120 270 115 269 a8 249 79 240 92 240 © 112 266 10% 278 116 288 110 291 12% 288
Y3 120 280 132 285 117 269 112 268 88 253 82 232 90 240 118 268 105 278 115 283 112 288  12%e 290
12 130 274 127 280 114 2?5 107 266 8% 249 85 249 93 248 118 265 103 276 109 278 117 289 128 294
14 128 272 120 282 111 271 106 275 89 255 88 248 104 239 106 263 101 2?3 107 2789 i21 288 136 303
13 116 264 112 279 119 278 110+ 268 93¢ 251 91 251 109+ 257 99 237 104 278 100 273 126e 289 147 313
16 116 262 106+ 279 118 278 112% 269 94 233 92 232 106 239 103 261 97 269 9@ 274 134 299  173e 329
17 108 259 114 200 122 282 109 263 96 257 94 253 108 2%8 119 264 % 271 96 273 140 304 177 332
16 111 262 116 282 122 282 111+ 262 103 260 108 232 111 262 123 279 102 268 96 272 140 307 198 335
19 120 266 111 281 121 280 112+ 2?8 115 269 104 257 108 262 137 291 103 26?7 99 273 148 215 186 349
«0 127 267 116+ 282 122 279 107 268 120 275  104* 260 113 267 134 287 106 267 107 276 149 312 182 339
21 122 272 118+ 28% 129 288 111 270 142 297 108« 113 271 145 293 104 264 10%e 271 142 306 1?3 337
22 135 276 122 299 127+ 298 117 280 161 229 111 264 121 28% 141 287 101 264 115 283 139« 305 189 322
«> 129 281 126+ 295 144+« 296 110 263 176 3248 119« 262 128 293 148 291 100 Q67 114 282 140« 298  144e 294
i 13% 278 129 222 140 293  112% 264 177 227 107 244 141 307 140 293 108 274 113 279 134 298 129 290
a5 128 282 152 229 142 287 113 270 164% 242 105 243 (%4 330 133 294 110 274 118 287 132« 283 143 299
z€ 129 289 1%8 33 152 294 106 264  201s 242 102 245 151 332 136 294 112 275 124 293 142 303 149 N9
L34 145 298 133 331 148 291 110 264 187 306 10?7 247 160 330 136 296 114 203 131 312 142 302 1% 313
“«€ 146 296 152 244 198 299 113 268 174 203 112 237 179 22% 110 278 143 319 139 308 164« 326
29 151 202 162 216 113 269 161 294 112 2%7 179 308 141 303 107% 272 137 314 135 297 137« 313
s 158 298 19% 208 112 268 151 289 {i4 255 162 301 130 295 109 272 136 306 128 298 14¢ 302
kA 147 296 142 296 153 290 149 291 132 293 128 29@ 142 309
™ 127 282 124 295 142 296 112 269 12% 279 102 295 118 271 127 280 106 273 112 283 123 293 141 304
1968
) 182 337 203 403 137 2% 123 281 115 279 125 275 104 260 107 269 106 268 114 278 127 303 123 294
H 151 3232 200% 391 138 29% 120 2080 122 28%  121% 27% 9 239 109 267 111 270 113 280 13% 302 131 298
s 1S54 237 194 270 132 292 114 279 128 202 121 27% 93 257 113 280 117 276 120 2B6 126 292 127 29%
) 1645 234 179 248 120 284 110% 275 129 286 121 % 269 94%2% 110 278 119 278 125 203 121 280 126% 276
E 174 3237 161 232 119 206 1084 278 127 281 115 269 96 2635 109 280 116 277 123 281 1153 276 133 293
€ 181 262 144 207 119 206 104 264 122 281 121 279 98 265 117 286 113 279 12% 283 108 273 126 273
7 192 270 142 202 111 278 104 269 117 280 129 200 106 276 112 2088 113 278 1224268 114 280 123 276
I3 2124364 124 294 100 272 111 274 117 281 126 282 112 293 118 293 124 289 1zl 282 118 284 122 277
o 209 232 124 298 102 276 116% 284 115 282 122 281 120 206 1194280 124 283 11% 273 120 289 128 282
10 191 3251 1274205 102 274 116 208 (134282 1244279 127 285 118 281 128 287 114 276 1164 273 131 287
1 190 248 138 202 113 279 113 284 107 275 1244283 132 282 120 292 127 2?3 113 279 117 28% 127 283
12 186 243 127 297 111 284 117 287 109k 272 1144275 13% 290 130 293 130 28! 117 282 1164 286 122 276
1% 182 240 129 289 1104282 119 297 104 268 118 271 129 284 140 303 126 280 110 27% 11%% 284 113 272
14 174 237 126 264 110k 281 115 288 111 281 116 275 12% 286 182 319 123 277 110 269 111 27% 116 27%
1S 161 232 124 287 105 276 116% 283 113 284 113 278 122 273 148 311 112 2?3 117 277 116 287 119 276
1€ 152 321 122 28% 107 274 116 284 122 287 114 286 123 2B1 146 30% 10B 269 117 281 112 289 112 267
1? 150 212 1184280 114 277 109 261 127 293 1154276 113 278 139 292 108 270 123 290 1264 294 119 276
18 144 213 117 281 110 106 288 145299 120 280 107 Q269 133 288 109 270 121 290 127% 289 119 273
1% 125 320% 118 28% 112 277 107 278 152 303 119 285 108 269 131 282 103 268 131% 294 122 279 126 278
w0 127 297 119 293 110 271 101 268 157% 3205 124 299 109 266 134 282 10% 266 126% 299 121 2Bt  121% 7%
21 122 297 126 296 120 276 102+ 270 136 306 128 289 107 265 132 286 111 274 139 297 118 278 132 279
2z 119 200 129 294 1224 277 97 262 1%1 212 124 265 112 270 133 285 104 267 143 299 115 278 133 284
P 120 202 131 294  127% 282 95 260 148 203 122 302 117 263 112 267 103 267 144 29T 119 279 131« 27%
) 131 314 141 200 136 28% 100% 261  14% 30% 125 297 123 273 106 267 117 2?5 150 29% .17 =281 139 280
Pl 124 3222 154 209 142 291 100 265 142 302 128 292 129 279 102 266 133 294 1%1% 296 119 288 143 288
@ 144 3225 185 209 127 283 94 259 142k 296  120% 277 124 278 98 265 124 286 152 303 118 290 141 286
@ 1% 2 148 204 141 28% 97 265 128 289  123% 281 118 271 93 297 130 279 1%6 310 120 28% 149 294
2& 1644 286 149 307 125 286 102 266 126 287 119272 118 275 98 2% 122 206 131% 310 115 279 1384 294
29 1874 286 142 201 124 286 10% 275  126%279 {14 268 121 287 100 266 130 292 166 341 110 278 127 288
S0 207 41% 126 %290 107 2?2z 128 278 107 264 112 274 104 267 119 292 140 313 115 284 128 291
St “04 41?7 124 286 126 277 109 267 101 266 129 206 124 284
gl 162 242 143 209 121 282 108 27S 129 288 121 200 114 274 119 281 118 277 130 290 118 284 128 282
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CHAPTER 11

Table 11-2b. (Continued)
JANURRY FEBRUARY MARCH APRIL nay JUNE JuLY AUGUST SEPTEMBER  OCTOEER NOVEMBER  DECEMEER
269% 8800 2693 8800 2695 B80O 2693 8800 2695 8800 2695 8300 2699 BEOG 2693 8800 2695 8BOO 2695 B8GO 2695 8BuD 2685 8800
DAY MHZ MHZ  MHZ MHZ  MMZ MHZ M2 MHZ O MHZ MHZ MHZ MHZ MHZ O MHZ MMZ MHZ MHZ  MHZ  MHMZ  MHI  MHZ MHZ  MHI MM2
1969
1 130% 294 120" 290 148 3209 160 229 106 263 94 298 123# 277 149 293 126 273 114 270 126 289 118 270
2 120 . 294 126 292 138 290 163+ 322 108 278 100 262 134 287 180 302 130 2?3 121 276 121 208% 122 276
3 135 301 128 287 132+ 293 167 328 113 27¢ 110 270 144 301 133 293 128 272 115 272 112s 278 127 27%
° 144 302 127 273 131 298 154 208 114 271 126 289 139 298 161 299 127 283 111 267 113e 271 129 279
< 152 304 131 286 120 297 148 3206 121 282 161 317 138 291 194 295 116 268 120 276 1124 267 128 293
6 164 216 129 289 127 292 141 297 116 272 165 231 137 290 144 283 114 271 123 278 116+ 272 122 281
? 178 228 131 291 123 289 1233 290 112 271 178 329 136 289 133 279 107 268 126 286 116e 264 111 271
'S 169 323 124 265 126 290 128 282 118+ 273 200 242 137 288 128 274 104 2359  124s 278 115 270 100« 287
Y 172 340 122+ 287 127 291 125 2087 115+ 271 19% 254 136 282 123 272 100e 244 120 280 112 285 104 281
10 160 226 123 285 126« 289 117 274 200 269 134 280 116 264 98 237 116 2B3 107 262 103 26%
1 1% 321 115 284 123 205 128 288 129 278 200 269 131 276 112 267 99 2%8 110 276 106 271  104s 289
12 151 311 112 282 12% 286 136 289 127 288 188 2%32 122 272 107 266 101 261 111 276 105 267 113 279
12 148 209 113« 278 120 284 151 304 128 279 186 392  121% 267 104 233 112 269 107 272 111 265 119 2e%
14 145 306 114 279 124 289 133 202 137 282 18z 327 111 299 97 237 109 269 103 267  121s 270 121 282
15 141 305 116 274 143 218 139 318 136 282 164 314 106 237 97 232 118 272 106 263 123 278 128 28%
16 140 202 117 279 155 220 142 287 122 290 144 298 103 236 92 248 113 264 96 263 125 2%6 127 28%
17 141 299 123 282 181 227 124 282 126 289 122 280 103 299 89 247 113 267 106 273 143 218 122 268
18 135 290 127 282 182 332 122 281 140 292 128 27% 99 298 88 246 117 269 111 276 161 338 134 296
19 121 287 133+ 292 186« 340 130« 273 124 2% 113 273 98 253 8% 244 112 26% 125 293 160 360 138 287
0 119 280 146 296 194 236 122 286 126« 297 117 271 96 2% 91 2%0 117 273 141 306 1pT 344 142 29%
21 122 279 154 294 207« 236 133 289 143 298 113 267 97 233 9 293 119 278 131 321 176 361 130 297
2z 121 280 168 302 197 336 120 290 154 292 111 266 94 244 101 260 118 273 160« 328 186 362 149« 288
2 119 281 107 322 186 341 121 279 {49 287 109 262 96 2%2 110 269 12% 277 172 329 186 33 147 300
i 120+ 284 183+ 333 174 323 124« 281 130 283 107 264 93 254 121 282 134 282 178 326 176 32 145 295
2% 124 289  181% 333 162« 242 122 200 146 292 99 2%% 98 234 131 281 145 292 184 2328 176 348 143 2%%
26 135 297 174 330 121 277 140 291 97 299 99 237 131 287 14le 282 180 330 188 325 143s 299
7 122 286 176 332 1S3 238 117 268 120 288 4 2352 105 238 140 289 130 2?77 180 323 199 =19 135 28%
2s 122 206 161 324 1851 241 113 267 121 276 95 297 116 263 147 289 122 274 166 320 144 308 138 287
Fed 122 286 159 351 108 261 102 264 102 264 116% 263 181 289 118 277 133 312 128 285 140 289
20 116+ 278 164 2335 109 267 97 262 115 27 120 271 144 290 {20 277 144 303 124 277 147 290
21 115 287 162 336 92 260 129 283 139 278 136 293 144w 282
~ 128 299 137 294 152 218 125 291 127 281 123 29% 117 269 122 272 118 2?1 133 292 136 300 129 284
1570
] 141 293 122 295 161 3228 143 202 123 291 12% 274 149 301 114 264 o i 3
2 133 2682 124 292 139« 318 149* 298 141 257 121 274 198 307 103 265 ::g :g: 1‘1)5 S:g ::g 5:; ::: g;:
3 127 276 113+ 203 151 205 143 208 126+ 287 114 269 166 313 110 260 137 290 104 267 140 313 141 284
. 126 275 111 278 1523 209 149 3208 139 298 111 267 163 313 107 266 144s 302 118 280 133 307 S 291
s 117271 113 281 155« 277 164 224 142 297 113 269 160 303 107 264 148 302 113 264  132» 280 188 300
3 110 272 122 289 136 204 174 326 129 298 104w 235 156 304 107 262 134 288 111 268 138 296 138 303
? 102 271 128 287 156 295 195 363 140 299 117 275 141 294 107 261 139 286 114 270 137 297 153 303
[ 107 267 141 307 159 206 181 329 125 292 1314 269 138 205 110 265 132 279 121 277 120 291 133 308
L 115 272 142 212 149 300 168 343 132 285 117 268 125 276 117 267 134 283 128 277 130 297 187 524
10 120 284 160 247 142 299 197 365 126 290 124 274 120 268 115 262 122 274 126% 277 136 30% 148 297
:; :23 :*:03 ;;2 332 144 296 177 332 148 203 14: 297 113 268  10% 232 115 269 122 273 144 12 160 301
2 169 B3 18e 738 ;5(1,* ggg 174 ;,51 154 305 142 301 1(10 263 120 279 106 263 113 270 132 316 168 310
1 169 2% 189 334 1: 3 164 320 163 317 {63 330 109 264 130 297 103 260 113 263 160 232  14Be 300
212 7 333 35 289 152 10 165 222 177 338 107 260 158 326 102+ 233 114 270 177 372 141 301
13 178 321 185+ 227 131 286 141 301 170 324 176 330 102 257 143 287 100 239 120 263  179% 2367 126 293
lg 166 208 181 3374 126 287 131 292 17% 22 163 312 101 260 140 298 100 232 117+ 269 189 426 132 296
:e 171 3.00 188 344 120 262 128 292 165+ 302 162 207 103 262 131 281 98 2%8 113 271
s 173+ 205 179 332 119 288 122 292 154+ 286 151 297 109 269 124 282 102+ 2%9 120 278 142 301
168 - 309 18% 224 116 281 117 279 166 301 145 293 113 277 123 281 114 271 120 273 181 283 143 298
20 165 209 182 327 127 292  114% 274 136 294 137 287 116 287 123 276 123 274 273 163 324 143 301
23 172 220 192 326 12% 284 111 270 148 290 134 286 136 298 119 270 127 272 120 279 168s 232 139 3204
23 157 304 172 3226 128 z89 111 273 144 288 128 273 134 292 118 270 132 277 124 28% 146 287 127 297
23 143 298 178+ 321 148 285 112 274 139 287 122 270 142 292 124+ 269 139 279 129» 28% 124 291 121e 2%a4
o 133 289 1?75 232 151 287  110% 274 139 292 121 269 139 204 117 270 133 284 140 299 126 282 112+ 281
23 142 28% 168 326 1%0 292 113 280 127 292 126 273 143 283 113 268 132 278 138 312 121 276 113 280
-f»: 1%4 209 1721 227 150 291% 114 278 140 290 123 279 150 290 116 268 133 282 169 319 122 278 111 284
b 132 201 162 311 129 289 118 2?8 133 282 121 286 162 293 115 274 127« 277 168 310 132 290 107 279
;: 151 202 160+ 312 127 282 128 282 132 282 122 284 193 293 119 279 126 283 166 303 140 287 107 276
b4 152+ 208 140+ 291 132 291 136 286 145 291 134 279 124 282 118 272 167 301 143 291 113 279
b 151 204 123 286 130 286 129 290 146+ 289 132 276 126 287 114 267 196 294 147 291 120 289
"m“ 151 291 121w 277 140 287 121 269 131 291 130 287 119 200
146 295 160 219 142 293 142 302 146 2% 125 206 133 203 120 275 123 274 128 280 146 313 137 292
1971
) 118% 286 152 204 117 28% 82 264 84 242 i2e 27
z 121 288 149 213 {07 279 95 269 87 234 :: %i 118 27; :; ::: ;3 ;:; :?? ::: o9e 73 NG 27
2 124 294 128 208 {04 281 94+ 261 93w 236 93» 238 110 260 91 254 80 246 1r)>7 269 (”' 2 e s
. 127% 202 129 201 100% 272 96 268 99 238 236 113 276 90 232 B2 248 97 269  109e ov2 99 oo
s 132+ 201 137+ 201 96 278 57 269 104 271 94 236 114 278 91 258 81 246 96 104s 272 99 200
€ 124 305 132 309 97 276 97 269 111 280 92 286 109 270 91 252 90+ 248 93 263 .o eg  Lo7 279
7 138 206 124 254 90« 272 101 268 114 281 89 238 102 270 89 238 93 s43 o oeo i, 269 loe 28¢
: ’1:,? 30: 114 285 a9 274 968 268 115 278 88 232 99 269 97 237 90 234 81 z:; 356. 325 :fi; ;:;
s 30 103 273 8% 273 97 268 118+ 274 % 252 %2 238 % 262 85 230 91 263 1
10 129 14 102 273 90 274 98 267 122 271 84 233 92 262 93 %4 80 246 5 oes 113 2
11 127 306 104 272 92+ 246 110 276 122 276 82 247 94 261 91 23% 79 o4 2o 5 Ze o o
12 135 208 105 274 99 278 117 276 114 271 81 232 %4 263 88 252 79+ e 5 m 57 268 113 293
12 124 202 108 276 98 271 126 282 111+ 265 81 230 9% 282 88 234 86 Gae 8% 258 OO A L
14 141+ 212 108 273 96 272 127% 280 107 266 82 2% » 267 86 253 % b 81 294 Fal o SR it
18 140 318 110 277 oo% 265 127 285 106 26% 75 e 1oe oo7 % 2 % 232 81 254 93 271 113 287
1€ 148 217 121 286 96 272 126 281  102% 236 78 230 106 27% BS 234 '56 2aa 73 345 5 o7 i e
134 141 319 125 293 96 277 127 280 102 2%7 80 230 103 288 90 293 39 237 oa 251 % e p =
13 144 319 120 297 95 272 127 280 98 235 82 247 104 271 97 268 114‘ -+ oz ¥/ 276 123 2%
19 150 223 132 298 91 271 122 280 98 237 82 252 111» 267 109 284 3 260 5 o9 EAE A B Sl S 1
€0 159 214 124% 277 91 274 122 279 94 2%2 @1 2%z 101 265 123 289 3% sy 1l Lae o zel 124 234
21 164 227 126+ 92 270 114 269 90 242 82 247 9% 268 129 2%: 3 2o 1o ey 02 i zeeim
22 163 321 134 296 53 273 108 268 76w 243 €4 247 95 200 130 277 97 sen Lop 282 106 284 125 20
] 195+ 321 122+ 288 89 266 109 279 76 247 82 244 104 279 9 355 1hg e M3 2er 131 @53
2e 162 320 122 292 90 270 98 z27% 7?5 246 89 246 114 28) 158 2oe o 235 102 zan us e 123 290
2% 154 319 130 297 o1 272 5 oep 5 e 9 e s 2 138 289 96 239 116 291 116 290 123 290
26 181s 310 121 87 %0 26a o % 5 e 2 124 272 97 264  114s 286 116 2B9 122 284
27 152 314 119« 273 90 268 89 238 91 §57 :gg 323 :g:- 523 :i:. 221 12; 2'618 1?5 2;5 1oy o e B
2t 152 314 117 293 87 265 87 231 94 236 113 272 98 262 109 257 103 ove 99 oee .o 282 113 279
2 146 303 83 262 @2« 248 94 259 123 274 97 260 97 239 101 270 o6 6% iie oo 1na ro
0 149 212 91 262 B2 243 94% 259 126 279 100w 260 89 2% 101 267 e o . a9
) 198 310 3 269 95 239 9% 2% B2 249 © 3 52 TS o 54
N 3
144 210 124 290 92 271  10% 269 98 239 91 2%4 103 268 101 262 92 2us 96 267 104 276 118 286
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SOLAR RADIO EMISSION

Table 11-2b. (Continued)

JANUARY FEBRUARY MARCH APRIL Ay JUNE JuLy AUGUST SEPTEMEER  OCTOBER NCVEMBER  DECEMBER
2695 800 269% BBOO 2695 8800 269% 9800 2695 8800 263% 8800 2695 BBOC 2695 B8BOO  269% 8BOC 2693 8800  269% 8800 2695 8BON
DAY MHZ MHZ  MHZ MHZ  MHZ  MHZ MMZ MHMZ MHZ MHZ MHZ MH2 MHZ MHZ MHZ  MHI  MHZ MHI  MHZ MHZ  MHZ MHZ  MHI MHZ

1972
s 96 262 101 257 116 276 84 246 82 244 107 259 115 243 136 310 126 272 101 267 117 300 271
2 92+ 264 101 260 118 277 86 250 82 238 114 265 118 247 132 312 124 270 97 262 112« 287 269
s 94  2%2 96+ 236  118% 276 87 55 84w 227 122 271 121 244 128 305 110e 269 92 261 102 274 264
bt 92w 258 9%+ 257 122 280 88 237 87w 281 132 277 131 254 128 304 107 257 90 2%8 98 27s 262
- 94% 236 94 255 127« 281 94 236 94 250 143 279 130w 2%4 128 307 108 266 B8 295 0% 270 265
e 9% 232 94 256 121 281 105 266 103 2%€ 126 277 127 2%% 121 294 104 263 88 2% BS 262 262
7 95 23% 93 261 128 281 107 267 103 2%2 121% 276  12% 233 136 302 96 287 BIs 236 77 2%4 268
M 94 256 100 263 126+ 285 107 266 115+ 2%8 129 286 117 246  10B 274 101 264 BE 2%7 75+ 251 273
. 91 255 99 260 123 275 116 266 112« 2%9 130 287 111 245 106 278 100 26% 89 264 S 2%t 274
10 85 251 106 267 123 273 113 264 121 26z 120 278 105 238 102 27N 92 263 84 260 S 233 268
e 88% 253 112 264 122 274  116% 261 124 275 129 277 109 247 96 264 89 2%9 84 2%6 80 239 268
1z 93 252 114 271 116 273 11% 260 123 2?77 129 27PE 104 248 92 293 87 254 84 235 80 260 273
12 95 2%6 118 275 114 270 113% 255 140 288 121 257 104 240 B89 247 84 292 3 261 80 281 203
14 104 258 126 281 117 275 111 2B6 14€ 297 119 2%2 104 244 86 240 86e 234 83 261 7% 239 282
™ 111 264 124 286 122« 273 111 2%2 146 283 129 270 100 245 89 243 90 2% 0e 27 77 262 283
16 115 265 147 292 119 281 109 256 145 284 121 238 96 229 86 249 89 2%6 94 270 el 2e% 289
17 107 260 161 309 118% 281 107 261 147 284 126 257 99 237 92 243 88 293 101 276 82 260 263
1€ 104 257 181 224 118 273 104 2%5% 142 280 171 2%8 98 237 94 233 89 294 99 277 86 261 287
19 111 265 190» 328 116 273 100 256 124% 274 126 235 93 234 100 2%9 92« 262 106 287 92 263 286
20 114 263  189% 219 122 275 96+ 256  129% 270 120 251 96 234 101 2% 9% 266 108 290 99 269 279
21 121 266 184 206 121 276 92 244 127 268 123 256 96 231 102 262 104 272 118 303 100 273 277
22 118 270 167 207 120% 276 97 z48 125 262 118% 256 95 234 112 264 104 272 125« 3204 103« 282 271
22 127 276 164 298 127 278 97 247 118 269 114 249 96 243 111 263 110 273 133 2WS 107 286 264
24 128 2?77 152 293 111 267 98 251 117 275 110% 249 96 246 108 26% 112 273 137 337 110 288 263
2% 122+ 272 141 287 102 26% 98 255 109 277 107 248 97 248 112 263 112 274 1%% 364 102 28% 2¢3
z€ 119 266  141% 207 99 260 98 235 100 268 103 244 106 235 124 2?73 113 272 183 3%7 39« 280 264
27 114 265 126 276 92 259 96 262 98 256 107 244 109 262 126% 269 107 270 150 360 94 273 268
F 112% 265 118 273 83 259 90 257 100 265 112 247 117 2?3 133 277 104 269 130« 339 89 271 266
29 109 264 118 277 85 249 86 252 100 262 114 247 121 281 148 291 104 267 136+ 33% 84 267 270
20 110 270 86% 252 82 250 103 256  1l4% 247 12% 293 146 287 104 264 133 223 88 z71 278
2 10?7 2%9 8% 249 10% 260 128 306 122 276 128 302 271
™ 105 262 130 281 114 272 100 2%6 115 266 12z 262 109 @BO 11T 273 101 264 108 2930 90 269 273

1972
1 86 245 7?9 262 88 264 97 266 98 274 72 229 74 242 73« 238 98 263 97 263 79 2%6 a1 261
2 99 232 T9* 261 89 262 103+ 269 101 279 71 247 77 247 734 235 111 278 94 260 7?7 2%? 81 266
2 98 260 84 262 87 263 113 279 104 270 69 243 77 247 2 231 116 27} 92« 239 74 292 76 297
4 100+ 260 84 262 BS% 265 106 271 104 274 69 243 76 243 73 236 119 277 es  2%2 71 2%t 74 232
s 103 259 85 263 94 263 102 269 99 265 71 248 80+ 244 72 240 120 269 80 248 67 232 70e 248
€ 10€ 270 88 269 87 267 99 263 94 234 71 248 83 247 76 239 1i4s 263 78 232 67 230 66 248
? 102 263 89 272 814 2%4 95 265 89 2%7 72 242 84 249 76 246 109 2%6 73 2%0 66 231 66 249
& 9€ 261 91% 270 87« 235 106 280 82z 231 72 247 a4 2%0 74 242 101 2%2 71 231 63 231 67 2%0
9 95 264 92 273 92 264 109 277 i 247 74 247 8 237 73 239 100 248 70 2% 64 292 3e 247
10 94 239 92% 274 97 270 102+ 266 ?9 247 76 249 04 249 0 243 96 249 0 247 64 232 58 24%
11 93 263 89% 274 102 271 99 269 73% 242 78 247 78 238 67 238 84 239 67 246 68 232 67+ 250
12 92 268 94 275 101 261 90 261 73 241 7?8 2%0 71 24y 63 233 79 240 64 262 66 249 69 249
12 92 269 92 273 105 268 87  26% 71 242 B1% 249 67 233 63 233 74 2644 63 242 67 248 69 249
14 87 238 96 273 106 274 81 260 76 24% 82 249 66 236 64 233 74 244 63 248 68 24% 69+ 231
15 66 258 96+ 273 96 268 76 239 754 244 a2 230 68+ 236 60% 236 73 242 67 247 70 247 72 2%1
16 8z 252 89 268 94 265 7z 254 77 242 80 249 68 240 62 239 73 241 &7 ze8 70e 249 73 260
1?7 a8 255 82 266 88* 260 71 249 7?8 242 76 246 68 240 63 238 72 247 72 2% 63 253 77¢ 264
16 88 235 81 263 8% 262 69 249 Bix 247 77?244 0 241 64 238 72 247 70 290 70 234 81 2635
13 83 2%6 ?7 263 90 271 72 246 g% 256 82 253 68 242 64 239 76 247 68 247 0 293 80 261
@0 87 %4 80 260 80 262 77 2%0 88 251 89 231 66 238 63 237 79 247 69 2%2 72 %6 83 268
21 ae 238 79 237 27 2%9 83 254 97 249 92 247 66+ 238 70 243 B4 295 72 2%2 76 2%6 89 272
2z 89 261 79 262 80« 2%9 90 256 g8 230 91 232 6% 238 70 243 87 2% 76 238 78+ 251 92 269
23 88 257 81+ 262 77 258 94 262 81 246 90 230 63 237 71 243 92 2% 79 257 81 2% 92 274
z4 a7 2%9 86 264 7?8 237 96 264 87 2%2 98 248 68 242 73 247 98¢ 257 30 266 80 2%9% 93 273
29 8?7 262 86 262 78 253 95 264 86 255 84 247 69 243 77 248 100 262 93 268 91 271
6 8% 257 86 265 74% 256 94 265 84 254 92+ 245 71 243 78 230 102 263 93+ 268 8s 238 84 263
27 83 260 87 270 263 98w 274 84 298 78 244 72¢ 242 a1 2%1 102 267 96 278 as 293 8 264
<€ 82« 257 90 26% 82 264 97% 279 0% 230 79 244 70 241 B4e 233 104 267 92 270 840 2% 78 2%6
23 80 261 86 264 96% 277 78 240 78 244 698 243 87 2% 104 266 91 263 89 2%6 71 2%
0 81 238 90 262 94 275 76 241 81 247 7t 242 87 236 103 267 93 264 93 260 67 249
21 79 262 97 263 72 242 73 240 93 263 8e 260 66+ 248
L] 90 259 86 267 88 262 92 263 84 232 79 247 73 242 72 242 94 236 79 233 73 233 76 237

1974
' 65 249 63 249 69 243 64 244 84 232 80% 246 89 264 71 240 87 82 232 80 2%% 72 239
2 €7 %1 69+ 256 69 246 63% 228 100 264 B4 245 9% 273 71 241 684 83 2%4 84 261 68+ 2%6
3 66 2352 €8 252 71 248 62 224 100 261 82 242 99 274 70 238 6% 83 238 87 264 69 254
M 66 2%€ 66 252 €5 240 66 237 102 2%6 80 245 72 241 69+ 89 263 88 2%6 68 292
s 66 249 ?0 230 71 242 67 226 102 257 79 239 107 207 71 2641 69 236 93 274 86+ 2%6 67 2%2
P 69 253 71 251 €9 243 70 244 106 261 78 245 102 269 74 243 70 232 99 262 83 257 67 249
7 65 2%% 72% 252 68 243 ?0 244 102 2%6 77 242 9% 261 72 243 7T 232 100 262 78+ 25% 64 %0
8 74 259 74 257 69 249 ?1 242 100 2%7 91 2%6 86 2% 75 247 112 274 75+« 248 g4s 245
. 76+ 265 75 2%6 72 231 78% 2%1 96 235 ?7 241 78 2489 74 243 82 2%0 112 274 0 251 B3 243
0 91% 266 75 256 76% 254 82% 2%6 89% 282 78 247 73 242 7% 245 96 255 116w 272 70 2%6 65 254
i 84% 263 73 %2 ?? 254 88 256 90 231 80 244 70 242 79 291 90 264 127 297 69 233 69 2%7
12 86 265 20 247 78 255 2 262 82+ 250 74 245 7?0 238 83 256 90 267 121 291 72+ 254 71 250
12 87 236 70 247 75 254 91w 267 79 244 72 243 69 237 80 231 98 27% 113 280 68 231 74 ¥sE
14 88 236 70 250 75 2%0 99 277 3 245 72 241 69 243 7?7 247 90 265 100 268 71 232 Le® Q€1
1S 87 245 ?6 259 72 2%2 107 29% 66 235 69 238 71 246 76 250 88 26} 93 2% 7?1 259 77 ez
16 B4m 282 77 2% 75 254 99 284 67 237 71 239 774 290 81 236 92 274 79+ 2%4 73 261 B2e 261
17 83 259 77 2%4 74 251 88 267 62 232 71 236 76 231 84 234 86 250 74 248 77 265 81 263
18 e8] 23% 76 236 72 251 82 262 62 2332 70 233 71 243 B8O 249 90  2%) 71 2%0 8n 263 8z 267
15 80 249 74 253 70 247 77 255 61 226 66 234 73 243 74 2%0 80 243 67 249 g7 =27 84 271
20 78 254 72 248 70 247 71 247 89 236 68 222 73 243 70 246 74 242 67 247 87« 267 81 260
21 74 247 76 252 67+ 247 67 241 60 238 €7 228 73 232 70 237 2% 233 66 248 B9 272 79 262
22 78 247 75% 248 71 248 62 23 s9 237 68 229 80 231 67 240 X] 65 245 94 280 G2+ 267
@3 76 244 71 248 62 22% 60% 226 68 236 82 233 69 23 &3 64 245 88 274 7?7 2%
24 72 246 72 248 67% 246 62% 240 60 235 66 235 78 248 65 233 64 234 66 248 88 266 73e 236
2% €7 241 72 249 66 24% €5 242 62+ 222 67 226 79 243 64 239 64 23 69% 24% BS 269 7ie 23%
6 64 228 68 247 63 240 64 229 68% 229 67 237 78 243 62 233 £3 237 72 232 83 272 69 233
27 63 226 70 244 65 244 64 242 72 246 €9 235 74 242 62 233 67 237 71 234 82 263 67 257
e 64 226 720 246 62 245 es 228 74 24% 70 228 71 223 61% 220 69 238 72 2%% 80 261 68 2%2
2% 68 242 62 24% 68 241 74% 246 76% 241 0 238 5?7# 229 77 249 72 2%2 76 2%9 69 231
20 66 24% 62 229 ?6 250 ?% 246 79 244 71 238 6) 226 79 249 73 248 76 261% 68 250
21 62 242 64 228 79 247 73 244 64 23 81 29%7 700 293
" 74 251 7z 251 70 247 75 250 78 246 74 240 7?9 230 71 242 ?7 248 86 259 80 261 72 2%
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Table 11-2b. (Continued)

DAY

WONORSE W R

WENARDWUN =

WONRAAS U N~

SEPTEMBER

JANUARY FEBRUARY MARCH APRIL My JUNE JULY AUGUST OCTOBER NOVEMBER DECEMBER
2693 9800 2693 8800 2693 8800 2695 8600 2693 8800 2693 600 2693 B600 2693 8600 2693 BEOO 2693 S800 2693 800 269% BBOO
MHZ M2 MHZ M2z MHZ M2 MHZ  MH2Z MHZ M2 MHZ M2 MHI MM MHI MM WHI MMI MHI MWl MHI MMI MHZ MM
1975
72 245 - 63 252 64% 229 64 229 66 228 63+ 214 63 231 73 240 74 239 b6 233 &3 243 66» 247
70 245 €7 251 66% 226 62 227 68+ 243 =9 218 63 228 77 242 74+ 240 67 236 64 239 68 243
71 281 68 230 67 226 68 223 61w 222 63 229 82 230 73 2414 67 240 64 240 67 244
68 244 70 248 68 234 62% 226 €9 222 61% 224 63 231 88 230 78 24} 67 238 67 242 68 247
69% 245 72w 244 64 234 66+ 228 68 233 60 224 62 23} 89 231 79 242 66 239 70 249 70 246
67 243 72 242 63 232 66+ 224 63 231 7% 64 228 102 262 79+ 242 64 237 72 230 68 242
70+ 243 74 242 63 231 66 224 62 221 $7% 220 61 227 98« 293 77T 244 64 240 T2 247 68 244
71 242 74 244 66 231 65 227 61 228 38 224 61 22e 96+ 249; 73 243 64 239 Tie 242 68+« 246
72+ 244 72 242 67 232 63 220 60 227 88 222 60 224 9% 242 71 24\ 66 244 68 238 60+ 246
72w 247 71 248 67% 231 64 220 60 227 S8 218 60 224 9 246 69 238 64 243 72« 239 67% 243
7S 244 70+ 248 66+ 229 62 223 39 224 S? 220 63« 227 9% 228 69 23% 65+ 244 71 246 67 244
76 243 €9+ 241 6 231 61 224 se 224 sex 218 68+ 228 88 240 68« 238 67 244 72 244 67 247
73n 242 69 239 €9+ 229 62 224 39% 224 87+ 216 72% 231 a1 239 64 237 68 244 73+ 248 &6 243
72+ 240 66 248 66 221 61 222 S8« 222 Se 221 73 23 73 238 64 233 69 246 74 231 63+ 241
71 238 65 244 63+ 227 61 224 38 222 37 221 71 232 71 238 63 233 71 242 76 248 63 240
70 237 67% 241 €7 232 61 22% S8+ 221 58 221 68 230 69 237 63« 231 69 24} 80 238 63 244
63+ 240 63 229 67 220 61 221 S8 220 36 221 66% 230 66 233 &4 233 69 244 80 233 64 243
69 241 64« 241 66 228 s9 221 56 222 87 219 68 228 63 236 63 238 69 243 684 236 64 243
68+ 239 63 237 63 228 39% 220 %8 222 568 222 67 227 64 233 63+% 233 68« 241 84 236 64 246
68 238 64 242 66% 226 38 222 39 224 67« 231 64 233 63 234 68« 239 8o 230 63 2931
68% 238 63 244 64 230 39« 221 Se 218 36 222 69+ 233 67 23% 63 234 67 237 78+ 230
69 236 63 243 62+ 228 39 220 39+ 213 S? 220 233 66« 228 64 230 63 238 74 247 b4e 246
67 220 €2» 240 €0 220 60 210 60 212 39 222 68 234 64 231 65» 230 64 238 70 244 63 243
66 238 62% 242 60 227 60 219 60 218 61 226 65 229 64e 231 6&3# 230 64 239 68+« 241 66 249
63« 239 64% 228 60 228 62 222 60 222 62 221 66e 229 67 236 66+* 230 64e 233 66 243 66 248
G4n 228 62% 220 62 221 60 219 63 228 66 229 69+ 233 66# 233 63 231 65 244 66e 247
63% 243 62 238 62 221 64 221 39 220 67 233 66 232 69 234 64 232 64 237 G4s 243 66 247
64 241 63 242 62 231 65 219 9 220 66 224 63 234 69 239 64 232 63 238 b4 24% 66 243
64» 229 62 220 64 224 S 217 62% 223 62 234 71 243 63 234 61 237 64 243 &7 246
63 238 60% 229 62 222 60 213 228 64 234 72¢ 241 63 233 62« 238 65« 249 67 243
64 238 62 228 62» 211 68 233 73 239 62 242 66 244
€9 241 67 242 6% 2320 62 224 61 224 60 224 63 230 77 240 68 236 66 240 71 246 66 248
1976
66 239 63 237 60+ 233 71w 257 67 232 58 224 59+ 216 64s 226 &3 230 66 224 66 237 63 237
66% 241 63+ 237 60+ 233 68 250 64 223 S8 224 % 217 66 227 64% 230 63+ 226 63 237 69 241
67w 240 62 236 61 236 67 246 63+ 230 s7 222 s9 219 70 232 8¢ 229 65 230 63 237 66 241
67 240 62 234 61w 223 67 24% 64 232 37 223 38« 222 70 232 63 227 64 229 62 233 660 246
67 242 62 233 60 2322 63 241 62 226 S8 222 38 218 71 230 640 223 66 228 63¢ 231 69 237
66 239 63» 228 60 231 62 23% 61 224 3% 218 71+ 232 63 224 66e 223 59« 233 635 241
66 237 63 241 61% 231 62 220 62+ 230 %8 210 38 218 69+ 232 62 220 63 227 62 232 64e 236
634 229 62 241 61 232 63 2321 62% 222 39 221 38+ 219 70+ 231 63 230 68 227 63 236 68 237
63 240 62 241 60 231 &7 232 61 230 60 223 58 229 69+« 234 63 227 66» 228 63 237 68+ 236
6% 241 62 240 63 232 67 227 61 228 88 221 98 224 T70¢ 232 64 224 66 228 63« 238 70 242
66% 242 62 239 63 231 72% 228 62 230 S% 221 98 222 68 230 63 223 63 233 63 240
7iw 246 61 239 64 222 71= 2329 62+« 219 61 226 38+ 220 68 227 66 220 63 230 63 237 72+ 236
74 243 62+ 229 64% 230 71 237 63 229 61 228 38« 219 66 218 64 228 64 228 63 2338
62 228 64 230 71 228 62 224 62% 224 38+« 218 61 216 63 230 67¢ 231 64 235 ?3
74 247 62 229 66» 228 70 226 63 229 62 22% 39 218 61 216 64 226 67 233 64 23% 74 242
72% 247 62 238 68+ 240 70 220 67 228 €4 227 38 218 62 221 66 230 69 233 66 239 72 239
71 245 6€2% 227 72% 243 70 221 63 229 64 223 %8 218 66 232 &7« 227 70 237 67 240 7ie 24}
71 24?7 62% 233 74 244 70 224 65 228 66 219 38 220 66 232 64 226 70 241 69 241 67+ 243
69 230 &4 233 76% 244 69 222 62» 219 63 223 %8 219 66 237 63 224 68 239 69 244 67 243
€9% 246 64 229 73 242 69 221 62# 221 66 221 38 218 63 234 61 223 68» 236 66 242 64» 238
66 241 64 239 80w 241 69 23% 64n 226 63 222 se« 219 60 220 62 226 67# 233 64 242 66+ 236
63w 229 79 243 69 2326 62 22% 66 224 %9 220 61 222 61 227 68 237 66 241 67 240
65 242 62 240 79 243 66 227 61 229 62 224 S8 217 60 222 63 226 73 239 66 24} 68 237
65% 241 62 228 78 242 67 24 60 227 62 223 57« 218 59 223 63 223 73 241 66 239 68 233
64 241 61 22% 77 243 68+ 226 60 226 62+ 220 %8 223 39 227 64 226 77+ 239 63 239 68 237
62% 240 62 2332 79 253 67?% 230 60 224 62 224 36 220 59 222 64 225 74% 237 64 240 70% 230
61w 228 61 230 76 232 67% 220 60 223 60 222 87 218 60 223 63 229 71 236 66 238 70 240
61% 223 60 228 80 236 66 232 88 218 60 219 98 223 61 223 68 229 70 239 66 238 69 239
62 234 61 224 75 267 €9 222 s7 223 60+ 219 58 229 62% 228 63 229 66 233 64» 240 69 239
63 239 74 263 71 235 88 223 =8 218 39« 226 62 230 63 224 66 235 64 241 70 238
64 239 74 264 58 223 60% 226 64 230 66+ 233 70 239
67 242 62 227 69 241 68 226 62 226 61 222 a8 220 63 227 64 227 68 233 65 238 68 239
1977
68 248 75 262 67 242 66 241 65 228 7?7 238 86 241 69 233 72 237 81 2% 87 2%0 80+ 230
71 249 77239 63 245 67% 228 65 77w 242 83 243 69 237 70 238 B3% 244 B6 248 87 233
70 246 76w 248 70 245 66% 237 72 242 82 246 82 240 68 230 78 241 89+ 243 82 246 as 232
71 245 72 2%» 7O 241 67 246 72 240 80 224 81 237 71 236 72 239 88 234 B2 92 262
69 248 73 248 71 237 65+ 242 68 239 7?7+ 231 76 238 73 238 73 237 99 262 8le 246 96+ 26%
66 246 70 251 70 246 68 242 66 231 7en 241 76 243 74 233 73 237 94+ 293 B4 243 98e 271
66% 69 232 70+ 241 69 242 &7 223 Biw 237 73 233 73 231 77 243 92 283 83 240 103 276
62 73 247 s 65 237 67 240 82% 229 69+ 232 7 230 B3 246 93 260 B2e 242 101 276
&4 78 257 73 246 68 242 73w 237 63 230 73 232 93» 235 83s 242 105« 282
(-1 77 246 72 242 67 244 76+ 234 63 228 74 243 B4s 258 87 2%0 BS 246 112 290
66 246 78 232 70 244 e 239 70 232 7?3 221 &3 230 74 238 92 268 86 249 88 257 107 282
70 246 78 244 68 226 69 241 67 224 71 220 64» 230 74+ 236 96 263 91# 291 89 299 109 284
71 244 77w 241 69+ 228 71 241 69 235 71 221 64e 231 77 238 100% 263 90« 292 87+ 263 98+ 264
€8+ 259 76 244 70% 239 73 244 73 242 69 236 63 230 73 233 104 262 88+ 246 92 266 89+ 262
69 2%9 7?9+ 230 67+ 236 76 242 71 246 68 229 63 231 73 236 108 263 8Se 240 94 267 83 238
7?3 260 7S 236 66+ 231 74 241 72 24} 68 224 63 230 73 240 110¢ 263 88 243 92 298 86 260
72 239 84 260 66+ 234 72 248 70 237 69 224 64 228 73 236 109« 237 a5« 238 94s 237 88 266
6% 251 79 233 67» 233 69 226 70 244 71w 228 74 236 108 254 86 248 94 238 B9+ 232
72 252 76 246 66 241 71 249 70 229 76 223 65 226 74 243 91 2%6 98¢ 254 94 263 Ze 260
70 239 74w 244 67 238 71 240 68 241 76 232 67 23 76 246 92« 233 93« 249 92 261 82+ 2354
66 254 7 244 63 232 69 228 68 78 224 69 229 78 244 93» 249 91 233 8?7e 237 77% 233
?0 256 71 244 68 240 68 224 66 87 242 74 233 7?7% 240 94 233 83 291 83 233 83+« 264
72 256 70 248 66+ 229 69 226 84 243 72 243 73 234 91 246 79 233 88 233 8y 2%9
72 239 €8+ 228 68 240 66+ 233 66 2328 90 2352 72 240 73 2338 92+« 246 81 23% 80« 233 88 260
68» 230 66 223 66 228 68+ 241 €5 236 98 266 73« 239 73 246 92% 246 80 2931 81 234 90e 264
71 254 €7 227 €8 239 66 224 64 240 101 262 3 238 76 240 92e 247 Ble 231 78+ 296 95 271
70 247 67 242 67 238 €3 233 67 226 99 238 73 237 72 240 87 29! 83 248 80 2%8 93 268
71 234 67 246 66 241 64 221 67 223 93 2%4 74 237 71 236 88 233 82 291 B1 238 9?7 270
71 249 63 237 63 2335 70 238 93 243 74 233 76 238 88 250 83 2350 81 233 103 273
71 243 63 238 64 235 76 242 89 246 71 231 74 238 86 249 88 260 80 2392 103 268
eI =14 64+ 231 76 229 &9 238 74 239 90 260 117 27?3
69 232 74 2486 68 239 68 229 €9 228 80 240 71 234 73 237 89 231 87 23 86 234 94 266
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11-2b. (Continued)
JANUARY FEBRUARY MARCH APRIL MAY JUNE JuLyY AUCUST SEPTEMBER  OCTOBER NOVEMBER  DECEMBER
269% 8800 2635 8800 2693 8800 2695 8800 2695 8800 2693 8800 2695 8B00 269% 8800 2693 8800 26937 8800 2693 8800 95 8300
MHZ MHZ  MHZ MHZ  MHZ MHZ  MHZ MHZ MHZ  MHZ MHZ mH2 MHZ MHZ MHZ MHZ MHZ MHZ MHI MHZ  MHZ MHIZ = MHI MW7
1578

122w 277 132 293 132 300 118+ 282 162+ 218 122 278 119 283 84% 230 143 294 121 280 139 303 133 316
127+ 276 148 203 135 312 117« 287 166 324 122 276 104 267 B4n 247 144 318 119 276 145 302 1% 314
122 286 159 2321 128 209 122 290 1%6 321 106 264 96 239 84% 250 149 319 119 283 152 316 1% 317
111 287 148 305 138 218 132 297 149 322 99 266 94% 261 92+ 260 1%8 328 117+ 279 164+ 318  192# 314
112 278 153 211 144 217 124 292 199 2316 96% 258 99 263 97 257 152 328 122+ 276 168+ 311 153 311
112 280 151* 31% 154 217 127 288 154 2311 89 2%t 99 265 102« 2%5 159 303  135% 281 157 306 1%9 316
106% 272 157 219 124 282 146 3222 103 264 108 2%9 155 213 127 290 136+ 304 1635 32%
96w 265 161 226 126 284 125 286 88% 252 110 279 114 2355 149 296 133 299 136+ 304  {70# 337
148 215 170 321 142 298 121» 279 a9% 256 121 299 116 264 140 293 142 308 195 306 176% 347
141 206 171 222 140 296 117 272 89 258 129 319 107 257 130 289 142 304 1853 316 183 338
87 262 146 209 165 222 156 307 118 27?7 92 23?7 136 321 101 2%8 123# 284 157 212 148 313 193 383
8s 261 152 3224 156 210 138 286 122 27% 9% 256 144 336 101# 260 118« 283 198 307 141 310 200 388
B83% 265 137 217 147 303 126 278 122 274 101 261 133 317 111 263 121 284 186 302 135 303 19 377
129 323  14%% 298 125 287 129 278 114 270 134 2311 107 266 127 286 164% 308 122 290 183 376
81 252 126 210 144 291 127 290 127+ 27?6 110 27?8 137# 307 108 271 132% 298 172 214 123 299 180 2387
79 2%% 122 300 124 285 122 284 126% 272 11?7 278 136% 302 100 261 139 296 158 309 118 269 166 347
?8% 252 118 285 124 288 117 277 126 271 122 274 127# 298 98 2%2 146 314 1%9 310 117+ 288 161 339

73 254 117 281 121 296 116 281 120 264 121 282 128 299 94 191 313 153 307 113 28%
78 2%4 112 279 115 2?8 133 290 112 233 127 298 120 290 91 146 310 155 307 119 292 144 321
115 284 119 280 130% 281 114 269 149 295 116 284 87 148 298 153 306 121 303 123 306
84 2% 114 285 107 268 125 277 114 267 164 298 110 281 a7 146 293 158 313  116# 291 127 309
88 2% 119 286 106 271 130 28% 119 282 165« 302 102 264 85 155+ 302 141w 311 116# 290 121 309
51 264 125 288 105 268 147 200 126 283 167 308 98 262 89 149 20%  142% 307 112« 288  120# 299
93 269 126 289 108 272 139 307 170 204 95 257 89+ 240 136 293 144 305 113+ 291 126¢ 304
92% 271 122 290 107 273 149 30%  124% 284 150 292 92 2% 86 242 139 291 143 300 11% 291 126% 301
120 288 101% 269 146 308 126 286 138 291 B8 261 84 2%3 133 289 140 294 124 301 134 298
110 278 130 250 100% 266 156 3219 127 278 151 278 88 253 91 239 137 298 138 291 133% 309 143 318
121 280 128 298 100 264 181 3264 129 294 146 282 87 260 92+ 2%8 131% 29% 135 295 143+ 316 148 319
122 278 98 264 164 2321 122 274 141 282 87 94 2%8 129 289 137 300 146 313 150 321
126 28% 107 272 184 35% 12% 278 133 284 89 232 106 268 124 284 133 302 154 218 164 336
128 291 109 122 274 88 287 117+ 280 131 299 178% 341
100 270 124 200 130 292 127 297 1230 286 125 277 110 281 97 238 140 300 142 299 136 202 157 330

1979
187% 231 172 224 146 205 175« 214 160 297 160 343 1% 324 118 282 144 321 174 334 186 366 149 326
185+ 232 169 323 148 296 1768+ 222 152 299 171 354 181 33% 118 278 148 307 178 339 186 336 199 339
198 236 172 318 147 203 171 3208 143 295 180 344 179 228 116 291 153% 311 177% 349 186+ 344 190 363
178 232 170 218 15% 207 162 314 152 297 192 333 184 339 112 279 149 324 176 387 186 354 201 369
186 242 183 316 173 3217 158 207 144 287 194 344 166 233 113 276 149 303 163 334 220 391 208 371
182+ 235 192 225 161 204 159 206 149 302 199 339 174 342 117 279 130+ 310 163 330 239 438 196 332
178+ 328 193 3221 15% 302 144 3208 15?7 257 197 228 169 327, 119 297 181 316 173 329 253 438 196 360
176+ 228 199 3231 150 202 151 302 1%4 302 202 339 169 329 126 313 182 302 179« 341 273 462 219 372
17% 327 178 226 150 207 151% 206 151 307 199 344 162 329 129 307 156 314 168 339 283 443 210 370
172 3223 181 261 162 208 152 208 14% 302 157 245 181 319 123# 301 182 31% 169+ 337 319 479 206 370
167 224 189 3270 156+ 217 151 204 148 311 188 338 143 307 12%+ 299 194 332 186 335 293 459 208 364
159 232 180 3B0 174 226 157 206 150 310 181 326 13¢ 297  117% 301 183 312 193« 347 252« 423 201 379
177« 220 186 245 158 323 134 3210 156« 207 157 130 299 127 303 185 322 205 345 221+ 396 217 363
178% 230 202 3273 164 3218 148« 302 153« 204 157 329 126 291 141 311 160 318 207 372 217 370 218 378
176 230 199 3248  1%4* 214  151x 257  1%52% 302 144 306 119 284 136 307 166 340 208 376 223 38O 218 373
182 224 205 263 162 225 155+ 292 153+ 202 137 214 113 281 134 306 166 351 200 383 209 371 201 371
154% 218 200 364 162 218 144 3204 164 318 131 302 112 282 131 312 1?0 351 203 386 209 371

168 3239 223 386 173 328 144 296  144% 304 129 296 112 278 143 327 181 3%3 203 373 211 380 173 346
180 239 217 382 164 321 142 285  122#% 291 119 298 11% 289 1%1#% 344 193 374 212 386 196 366 166 399
179 244 202 3262 158 218 128 291 131 289 129 200 118 286 166 3%7 191 360 207 369 183« 338 1?3 369
188+ 239 203 3IBS 157 312 127 292 120 285 121 299 120 282 170 344 186 340 191 349 162 349 168 349
199 233 183 361 152 218 143 254 132 294 1189 286 122 297 179 360 18%% 344 188 349 166 340 152 327
207 249 169% 331 160 218 137 302 124= 282 115 286 132 291 180 332 190 347 183 343 160 333 148 319
190 22% 155+ 215 167 3232 124 300 120% 2?77 120 29! 135 308 179 340 199 343 200 334 135 321 144 307
182« 222 144 297 163% 228 140 286 127+ 276 124 299 131 301 190 360 19% 338 188 357 146 307 142« 307
17%% 321 124+ 281 179 23% 196 295  133% 276 122 2307 133 312 183 391 193 229 179 3%3 143# 318 140 307
178+ 224 135 274 1635 233 127 277 127 3207 129 285 176 340 187 346 186 344 138 313 140 318
18t 328 147 3201 162 328 161 312  122% 274 135 202 129 288 172 334 189 355 1894 345 134 311 142 323
187 229 172 218 158 299 127 2?5 127 212 126 292 1%9+ 216 180 34) 188 3%0 138 297 158 342
186% 236 160% 222 162 208 12%« 282 141 31% 129 294 154 302 177+ 318 193« 3%3 139 320 166 324
188% 236 179% 228 142 291 121 291 147 312 192 3%2 173 393
181 232 182 32?7 161 217 152 202 142 254 134 219 139 305 143 318 169 331 188 3%2 201 374 179 349
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ample, five times the quiet-sun level). This climatology
presents results using both approaches.

With regard to the statistics of burst levels over a certain
threshold (flux-density level), one might want to know how
many level-exceeding bursts occur in a given period (in a
24-hr day, for example). One might also like to know for
what fraction of time (min per 24-hr day, for example) do
bursts remain above a certain threshold. Again, both kinds
of statistics are presented in this climatology.

The radio-burst climatology presented here is based on
routine, daily, whole-sun patrol observations made at the
Sagamore Hill Radio Observatory over the years 1966 to
1978. This period covers the decline from the maximum of
the 20th solar cycle (a relatively low-amplitude cycle) through
the minimum (around 1976) to the rising portion of the new
(and higher-amplitude) 21st solar cycle. Data from the
19661978 period should provide a reasonable measure of
the intensity/duration parameters of solar-burst radio emis-
sion during the least and most disturbed portions of the solar
cycle. .

The Sagamore Hill data on radio bursts, published rou-
tinely in Solar Geophysical Data(SGD) are given in terms
of the following parameters: the peak flux density S, (sfu),
the mean flux density S, (sfu) and the duration (min) T,
from start to end. These parameters are illustrated for the
idealized burst in Figure 11-6. The area under the curve is

DEFINITION OF Sy

FLUX DENSITY —

Sme* Tg=AREA UNDER FLUX DENSITY CURVE

ARBITRARY

T LEVEL
s,

Figure 11-6. Burst parameters depicted for a typical microwave event.
The symbols are explained in the text.

the time-integrated flux density. The mean flux density S,
is defined as the amplitude (flux density) of a rectangle with
area equal to the time-integrated flux density and duration
equal to the burst duration T,.

In Figure 11-6, we have also shown an arbitrary flux
density level, S¢. In the climatology study, we eventually
want to derive (from the SGD-listed data alone) the time
that bursts exceed a certain level. To illustrate the discussion
that follows, we have shown the level S, between S, and
Sime (if S¢ > S, the burst would never exceed the arbitrary
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level). We have also shown the “above-the-level” time,
Toe.

For S, <S¢, the longest possible length of time that
a burst with mean flux density S, could exceed the S,
threshold is S,../S¢ X Ty. This is the worst case; it comes
nowhere near representing the results for actual bursts.

In similar fashion if S,.. > S, the longest possible length
of level-exceeding time would be T,. Obviously, this max-
imum result is not representative of T,,. A burst with an
extremely large very-steep peak and long low-level tail could
have its mean S,,; greater than S, yet its flux density could
lie below S, for the overwhelming majority of the burst
duration time Tj.

For each burst there is a factor by which (S,,./S¢) T4 [for
Sme < S¢] or Ty [for S, > S,] exceeds the actual “above-
the-level” time T,. We do not have the resources to go over
the time profiles of every burst at each frequency. Therefore
we had to look at a representative sample of bursts and
derive an overall factor to multiply the (Spo/S¢)Tq or Ty
obtained from the SGD data.

Analysis of a limited number of relatively large events
from a Burst Atlas compiled by Barron et al. [1980] shows
that the factor by which (S,/S¢)Ty or T4 overstates T,e
varies between 1.5 and 10, independent of frequency, with
a mean of about 3. Therefore, we have used the following
relationships to derive the “above the level” times of bursts
from the flux-density and whole-burst duration data listed
in Solar Geophysical Data:

1
Ta(’ = _(Smc/sf) Td fOl' Smc < Sé’
(11.6)

Ty Ty for S;e > Se.

3

1
3

Having discussed the data limitations and the approxi-
mating adjustments, we now present the results of the burst
climatology study. In Figure 11-7, we show the number of
bursts (statistically) per 24-hr day exceeding 500% of the
quiet-sun (flux-density) level. The numbers are given for
five frequencies (245 MHz, 610 MHz, 1415 MHz, 2695
MHz and 8800 MHz) over the years 1966 to 1978. In Figure
11-8 we show the number of bursts (statistically) per 24-hr
day exceeding a flux-density level of 107" W/m?Hz (1000
sfu).

In Figure 11-9, we show the time duration (min per 24-
hr day) that bursts exceed (statistically) 500% of the quiet-
sun flux density level. These durations are given, as in the
previous graphs, for the five patrol frequencies over the
years 1966 to 1978. In Figure 11-10 we show the duration
(min per 24-hr day) that bursts exceed (statistically) the 10~'*
W m? Hz"' flux-density level.

The burst number and duration statistics (in Figures 11-
7 through 11-10) are given on a “per 24-hr day” basis.
Obviously, the sun is not in view (available to provide
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Figure 11-7. The number of bursts per day that exceeded 500% of the Figure 11-9. The number of minutes per day that solar burst radiation,
quiet-sun flux-density level for the years 1966—1978. at various frequencies, exceeded 500% of the quiet-sun flux
density.
interference) 24 hours a day from any ground-based oper- “outage” times obtained (~ 1 min/day) result from sporadic
ating location. On sites far from the equator (high latitudes), events during which the burst radiation from the sun may
sun-in-view hours per day vary widely with season. Also, exceed the indicated threshholds for durations ranging from
the system susceptible to solar radio interference may be in ~10 min tb 2 hours.
operation only during certain hours of the day (or night). At the higher radio frequencies (above 500 MHz), strong
Hence, the best method of presentation is to give the sta- solar radio interference (above the quiet-sun level) occurs
tistics on a “per 24-hr day” basis and let the user determine as distinct, individually-identifiable radio bursts. The bursts
what fraction of his operating time the sun is actually above have different spectral (frequency) characteristics, but at 4
the horizon to provide interference to his system. Finally, given frequency the burst has a start time, a peak (or several
it is important to point out that the relatively low average peaks), and a time of decay. At lower frequencies (245
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Figure 11-8. The number of bursts during a 24-hr day that exceeded, at Figure 11-10. The number of minutes per day that solar-burst radiation,
various frequencies, 1000 sfu. at various frequencies, exceeded 1000 sfu.
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Figure 11-11. The time-intensity profile of a typical 245 MHz noise storm observed at Sagamore Hill.

MHz, for example) there is, in addition to distinct radio
bursts, another phenomenon known as solar noise storms.
These storms, more prevalent during the sunspot-maximum
portion of the 11-year cycle, often last for many hours and
sometimes last for a period of days. The noise storms consist
of very irregular low-to-moderate increases in solar flux
density above the quiet-sun level. For only a very small
portion of the noise storm’s duration does the added flux
density exceed the moderate level (for example, 100 sfu).
Figure 11-11 shows a typical example of such a noise storm
observed at 245 MHz.

Since these noise storms constityte another significant
type of solar radio interference for systems with operating
frequencies below 500 MHz, we have also included a sta-
tistical graph on noise storm duration, based on our 245
MHz data. See Figure 11-12. The statistical duration is given
in terms of minutes of noise storm occurrence per 24-hr
day. The shortened period plotted (only 1970 to 1978) gives
some indication of the sunspot-cycle variation.
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Figure 11-12. The average number of minutes per 24-hr day that a noise
storm was reported by Sagamore Hill observatory for the
years 1970-1978. The large peak in 1978 may be due (at
least partially) to a change in reporting procedures.
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